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Appendix E: Finite Element Analysis
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Finite Element Analysis (FEA) 
Considered WABTEC/SAB-WABCO Brake Disc
• Material Properties (Steel)

– Modulus of Elasticity E = 27.56 x 106 psi
– Poisson’s Ratio = 0.26
– Density ρ = 0.264 lb/in3

• Finite Element Meshing
– TET10 Midside Node Elements Used
– 191700 Nodes In Model

• Considered Single, Unmounted Discs Only
– No Compressive Stresses From Mounting Process Or 

Long-Term Use Accounted For
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FEA
• Stress Analysis

– Fixed Hub Mode
– Free Mode 
– Heat Of Friction Plate  ~  µstrain/degree
– Rotation Rate Strain 

• Fundamental (Natural) Frequencies
– Fixed Hub Results: First Fundamental 

Frequency - 206 Hz
– Fixed Hub Results: Second Fundamental 

Frequency - 267 Hz
– Free Hub Results: First Fundamental 

Frequency - 585 Hz
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Natural Frequency
and Spoke Strain Due to 

Mechanical Effects
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FE Solid Model

Nodes on inner surface of 
axle hole constrained for 
fixed frequency analysis.

FE constraints to 
axle center.
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Natural Frequency Analysis: 
ACELA Brake Rotor, Fixed Hub

Disk translates in-plane about hub799

Disk bends into saddle shape645

Disk translates out-of-plane about hub269

Disk rotates out-of-plane about hub206

Mode ShapeFreq. (Hz)

Note: For each of the above frequencies there were actually two modes at 
very slightly different frequencies, of identical shape but rotated with 
respect to each other.
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FEA Modes of Vibration
1st Mode with Fixed Hub – 206 Hz
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Out-of-
Plane 

Bending
(BOP) 
Mode

FEA Modes of Vibration
1st Mode with Fixed Hub – 206 Hz
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FEA Modes of Vibration
1st Mode with Fixed Hub – 206 Hz

Out-of-
Plane 

Bending
(BOP) 
Mode
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Out-of-
Plane 

Bending
(BOP) 
Mode

FEA Modes of Vibration
1st Mode with Fixed Hub – 206 Hz
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FE Results – Fixed Hub Analysis, 1st Mode: 206 Hz

Strain Energy Density 
on Spoke
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FEA Modes of Vibration
2nd Mode with Fixed Hub – 269 Hz
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FEA Modes of Vibration
3rd Mode with Fixed Hub – 645 Hz
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FEA Modes of Vibration
4th Mode with Fixed Hub – 799 Hz
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FEA Modes of Vibration
1st Mode with Free Hub - 585 Hz
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FEA Modes of Vibration
1st Mode with Free Hub - 585 Hz
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FEA Modes of Vibration
1st Mode with Free Hub - 585 Hz
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FE Results – Free Hub Analysis, 1st Mode: 585 Hz

Strain Energy Density 
on Spoke



E-19

Spoke Strain Due to
Thermal Effects
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Thermal Stress Analysis
• Material Properties (Steel)

– Modulus of Elasticity E = 27.56 x106 psi
– Poisson’s Ratio = 0.26
– Density ρ = 0.264 lb/in3

• Temperatures
– Assumed 70 °F (~Ambient Temperature) at 

Hub and 300 °F (Estimate of Temperature 
Resulting From Braking) at Braking Surface

• Mechanical Conditions
– No External Loads or Rotation of the Disc
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FEA:
Thermal Conditions

Temperature of the 
outer faces and 
connectors = 300°F

Temperature of 
inner hub and 
spokes = 70°F 
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FEA:
300°F Thermal Spoke Stress (psi)
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FEA:
Thermal Stress on Spoke
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FEA:
Spoke Strain Due to Thermal Effects
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Spoke Strain Due to
Rotational Effects
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FEA:
1400 RPM Rotation

A rotation rate of 
1400 RPM (146.6 
rad/sec) is applied 
to the model as an 
Inertial Load.
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FEA:
1400 RPM Rotation Stress on Spoke (psi)
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Conclusions
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Finite Element Analysis Conclusions

• Predicts 206 Hz Out-Of-Plane Bending (BOP) Of 
Disc When The Hub Is Fixed

• Predicts A “Hot Spot” For Stress In BOP Mode 
At The General Location Of Observed Cracks

• Predicts Tensile Strain In Spokes Due To 
Temperature Rise In Friction Rings

• Predicts Low Strain In Spoke Due To Rotation




